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(57) ABSTRACT

An electronic device includes a power receiving unit that
wirelessly receives power from a power supply apparatus; a
first communication unit that performs wireless communi-
cation; a connection unit that connects a communication
device including a second communication unit that performs
wireless communication; and a control unit that (a) deter-
mines whether the communication device is capable of
receiving predetermined power if the communication device
is connected with the connection unit, and (b) controls the
first communication unit to transmit data for notifying the
power supply apparatus about a presence of a device which
is not capable of using wireless power supply if the com-
munication device is not capable of receiving the predeter-
mined power.

12 Claims, 6 Drawing Sheets
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1
ELECTRONIC DEVICE FOR WIRELESSLY
RECEIVING POWER FROM POWER
SUPPLY APPARATUS

BACKGROUND

Field of the Disclosure

Aspects of the present invention relate to an electronic
device which receives power wirelessly supplied, and the
like.

Description of the Related Art

In recent years, a wireless power supply system, which
includes a power supply apparatus wirelessly outputting
power without connection by a connector, and an electronic
device charging a battery by the power wirelessly supplied
from the power supply apparatus, has been used.

Japanese Patent Laid-Open No. 2008-113519 discloses a
wireless power supply system in which wireless communi-
cation and power transmission are alternately performed
between a power supply apparatus and an electronic device.

In such a wireless power supply system, the electronic
device includes a communication unit which transmits a
response to a command transmitted from the power supply
apparatus.

In such a wireless power supply system, the power supply
apparatus controls power supply to the electronic device in
accordance with a response obtained from the communica-
tion unit included in the electronic device.

In recent years, a memory card having a function of
performing wireless communication has been used. For
example, in a case where such a memory card is inserted into
an electronic device, even when the power supply apparatus
performs wireless communication required for controlling
power supply to the electronic device, the memory card may
transmit a response is not associated with wireless power
supply to the power supply apparatus. In this case, the power
supply apparatus may not appropriately control wireless
power supply to the electronic device.

Furthermore, since the power supply apparatus performs
wireless power supply to the electronic device, a magnetic
field generated in an antenna of the power supply apparatus
may affect the memory card inserted into the electronic
device, and accordingly, the power supply apparatus may
not appropriately perform the wireless power supply to the
electronic device.

SUMMARY

According to an aspect of the present invention, even
when a communication device capable of performing wire-
less communication is connected to an electronic apparatus,
wireless power supply from a power supply apparatus to the
electronic device is appropriately performed.

According to another aspect of the present invention, at
least one of the above-described drawbacks and disadvan-
tages can be overcome.

According to another aspect of the present invention,
there is provided an electronic device comprising: a power
receiving unit that wirelessly receives power from a power
supply apparatus; a first communication unit that performs
wireless communication; a connection unit that connects a
communication device including a second communication
unit that performs wireless communication; and a control
unit that (a) determines whether the communication device
is capable of receiving predetermined power if the commu-
nication device is connected with the connection unit, and
(b) controls the first communication unit to transmit data for
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notifying the power supply apparatus about a presence of a
device which is not capable of using wireless power supply
if the communication device is not capable of receiving the
predetermined power.

According to another aspect of the present invention,
there is provided a method of controlling an electronic
device comprising: determining whether a communication
device is capable of receiving predetermined power if the
communication device is connected with a connection unit
of the electronic device, wherein the electronic device
includes a power receiving unit that wirelessly receives
power from a power supply apparatus, a first communication
unit that performs wireless communication, and the connec-
tion unit that connects the communication device including
a second communication unit that performs wireless com-
munication; and controlling the first communication unit to
transmit data for notifying the power supply apparatus about
a presence of a device which is not capable of using wireless
power supply if the communication device is not capable of
receiving the predetermined power.

According to another aspect of the present invention,
there is provided a non-transitory storage medium that stores
a program for causing a computer to perform a method of
controlling an electronic device, the method comprising:
determining whether a communication device is capable of
receiving predetermined power if the communication device
is connected with a connection unit of the electronic device,
wherein the electronic device includes a power receiving
unit that wirelessly receives power from a power supply
apparatus, a first communication unit that performs wireless
communication, and the connection unit that connects the
communication device including a second communication
unit that performs wireless communication; and controlling
the first communication unit to transmit data for notifying
the power supply apparatus about a presence of a device
which is not capable of using wireless power supply if the
communication device is not capable of receiving the pre-
determined power.

According to another aspect of the present invention,
there is provided a power supply apparatus comprising: a
power supply unit that wirelessly supplies power to an
electronic device; a communication unit that performs wire-
less communication with the electronic device; and a control
unit that performs a process of limiting wireless power
supply to the electronic device if the communication unit
receives data for notifying the power supply apparatus about
a presence of a device which is not capable of using wireless
power supply.

According to another aspect of the present invention,
there is provided a method of controlling a power supply
apparatus comprising: wirelessly supplying power to an
electronic device; causing a communication unit to perform
wireless communication with the electronic device; and
performing a process of limiting wireless power supply to
the electronic device if the communication unit receives data
for notifying the power supply apparatus about a presence of
a device which is not capable of using wireless power
supply.

According to another aspect of the present invention,
there is provided a non-transitory storage medium that stores
a program for causing a computer to perform a method of
controlling a power supply apparatus, the method compris-
ing: wirelessly supplying power to an electronic device;
causing a communication unit to perform wireless commu-
nication with the electronic device; and performing a pro-
cess of limiting wireless power supply to the electronic
device if the communication unit receives data for notifying
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the power supply apparatus about a presence of a device
which is not capable of using wireless power supply.

Further features and aspects of the disclosure will become
apparent from the following description of exemplary
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a power supply system
according to first and second embodiments.

FIG. 2 is a block diagram illustrating a power supply
apparatus 100 according to the first and second embodi-
ments.

FIG. 3 is a block diagram illustrating an electronic device
200 according to the first and second embodiments.

FIG. 4 is a flowchart illustrating a power supply process
performed by the power supply apparatus 100 according to
the first and second embodiments.

FIG. 5 is a flowchart illustrating a power receiving
process performed by the electronic device 200 according to
the first embodiment.

FIG. 6 is a flowchart illustrating a power receiving
process performed by the electronic device 200 according to
the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments, features, and aspects of the
present invention will be described below with reference to
the drawings. Note that the present invention is not limited
to first and second embodiments described below.

First Embodiment

The first embodiment will be described below with ref-
erence to the drawings.

As illustrated in FIG. 1, a power supply system according
to the first embodiment includes a power supply apparatus
100 and an electronic device 200. In the power supply
system according to the first embodiment, when the elec-
tronic device 200 is located within a predetermined range
300 in the power supply apparatus 100, the power supply
apparatus 100 wirelessly supplies power to the electronic
device 200. Furthermore, when the electronic device 200 is
located within the predetermined range 300, the electronic
device 200 may wirelessly receive power output from the
power supply apparatus 100. On the other hand, when the
electronic device 200 is not located within the predeter-
mined range 300, the electronic device 200 may not receive
power from the power supply apparatus 100. That is, the
power supply apparatus 100 is capable of communicating
with the electronic device 200 within the predetermined
range 300. Although the predetermined range 300 is posi-
tioned on a housing of the power supply apparatus 100 here,
the first embodiment is not limited to this. The power supply
apparatus 100 may wirelessly supply power to electronic
devices.

The electronic device 200 may be an image pickup
apparatus or a reproducing apparatus, and furthermore, may
be a mobile apparatus, such as a cellular phone or a smart
phone. Furthermore, the electronic device 200 may be a
battery pack including a battery. Moreover, the electronic
device 200 may be a vehicle, a display, or a personal
computer.

Power Supply Apparatus 100

A configuration of the power supply apparatus 100

according to the first embodiment will now be described
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with reference to FIG. 2. The power supply apparatus 100
includes a control unit 101, a power supply unit 102, a
memory 108, a display unit 109, and an operation unit 110
as illustrated in FIG. 2. The power supply unit 102 includes
a power generating unit 103, a detector 104, a matching
circuit 105, a communication unit 106, and a power supply
antenna 107.

The control unit 101 controls the power supply apparatus
100 by executing a computer program recorded in the
memory 108. The control unit 101 includes a CPU (Central
Processing Unit) or an MPU (Micro Processing Unit), for
example. Note that the control unit 101 is constituted by
hardware. The control unit 101 includes a timer 101a.

The power supply unit 102 is used to perform a wireless
power supply in accordance with a magnetic field resonance
method. In the magnetic field resonance method, the power
supply apparatus 100 transmits power to the electronic
device 200 in a state in which the power supply apparatus
100 and the electronic device 200 resonate with each other.
In the state in which the power supply apparatus 100 and the
electronic device 200 resonate with each other, a resonance
frequency of the power supply antenna 107 of the power
supply apparatus 100 coincides with a resonance frequency
of a power receiving antenna 203 of the electronic device
200.

The power generating unit 103 generates power used to
externally output through the power supply antenna 107,
using power supplied from an AC power source or a battery
connected to the power supply apparatus 100.

The power generated by the power generating unit 103
includes communication power and supplying power. The
communication power is used for communication between
the communication unit 106 and the electronic device 200.
The communication power is weak power which is not
larger than 1 W, for example. The communication power
may be prescribed by a communication standard of the
communication unit 106. The supplying power is used by
the electronic device 200 to perform charging or a specific
operation. The supplying power is not less than 2 W, for
example. Furthermore, the supplying power is not limited to
the power of 2 W or more as long as the supplying power is
larger than the communication power. A value of the sup-
plying power is set by the control unit 101 in accordance
with data obtained from the electronic device 200. For
example, the value of the supplying power is set by the
control unit 101 in accordance with at least one of authen-
tication data and status data which are obtained from the
electronic device 200. The supplying power is used by the
electronic device 200 to charge a battery 211, for example.

The power generated by the power generating unit 103 is
supplied through the detector 104 and the matching circuit
105 to the power supply antenna 107.

The detector 104 detects a VSWR (Voltage Standing
Wave Ratio) to detect a state of resonance between the
power supply apparatus 100 and the electronic device 200.
Furthermore, the detector 104 supplies data indicating the
detected VSWR to the control unit 101. The VSWR is a
value indicating the relationship between a traveling wave of
power output from the power supply antenna 107 and a
reflection wave of the power output from the power supply
antenna 107. The control unit 101 may detect change of the
state of the resonance between the power supply apparatus
100 and the electronic device 200 and a foreign object, using
data on the VSWR supplied from the detector 104.

The matching circuit 105 includes a circuit which sets a
resonance frequency of the power supply antenna 107 and a
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circuit which performs impedance matching between the
power generating unit 103 and the power supply antenna
107.

When the power supply apparatus 100 outputs one of the
communication power and the supplying power through the
power supply antenna 107, the control unit 101 controls the
matching circuit 105 such that the resonance frequency of
the power supply antenna 107 is set to a predetermined
frequency f. The predetermined frequency fis 13.56 MHz,
for example. Furthermore, the predetermined frequency f
may be 6.78 MHz or a frequency prescribed by the com-
munication standard of the communication unit 106.

The communication unit 106 performs wireless commu-
nication in accordance with NFC (Near Field Communica-
tion) standard, for example. When the communication
power is output from the power supply antenna 107, the
communication unit 106 may perform transmission and
reception of data to perform wireless power supply with the
electronic device 200 through the power supply antenna
107. However, in a period of time in which the supplying
power is output from the power supply antenna 107, the
communication unit 106 does not communicate with the
electronic device 200 through the power supply antenna
107.

When the communication unit 106 transmits data to the
electronic device 200, the communication unit 106 performs
a process of superimposing data on the communication
power supplied from the power generating unit 103. The
communication power on which the data is superimposed is
transmitted to the electronic device 200 through the power
supply antenna 107.

When the communication unit 106 receives data from the
electronic device 200, the communication unit 106 detects
current supplied in the power supply antenna 107 and
receives the data from the electronic device 200 in accor-
dance with a result of the detection of the current. This is
because the electronic device 200 transmits data to the
power supply apparatus 100 by performing load modulation.
When the electronic device 200 performs the load modula-
tion, current supplied in the power supply antenna 107 is
changed, and accordingly, the communication unit 106 may
receive the data from the electronic device 200 by detecting
the current supplied in the power supply antenna 107.

The data transmitted and received between the commu-
nication unit 106 and the electronic device 200 conforms to
an NDEF (NFC Data Exchange Format).

Note that the communication unit 106 operates as a
reader/writer prescribed by the NFC standard.

The power supply antenna 107 outputs one of the com-
munication power and the supplying power to the electronic
device 200. The power supply antenna 107 is used by the
communication unit 106 to perform wireless communication
with the electronic device 200 in accordance with the NFC
standard.

The memory 108 records a computer program used to
control the power supply apparatus 100. The memory 108
further records identification data of the power supply
apparatus 100, a power supply parameter of the power
supply apparatus 100, a flag for controlling power supply,
and the like. In addition, the memory 108 records data
obtained by the communication unit 106 from the electronic
device 200.

The display unit 109 displays image data supplied from
the memory 108.

The operation unit 110 provides a user interface used to
operate the power supply apparatus 100. The control unit
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101 controls the power supply apparatus 100 in accordance
with a signal input through the operation unit 110.

The power supply apparatus 100 supplies power to the
electronic device 200 in a wireless manner. However, in the
first embodiment and the other embodiments, a term “wire-
less” may be replaced by a term “contactless” or “non-
contact.”

Electronic Device 200

Next, a configuration of the electronic device 200 will be
described with reference to FIG. 3. The electronic device
200 includes a control unit 201, a power receiving unit 202,
a power detector 207, a regulator 208, a load unit 209, a
charging unit 210, the battery 211, a memory 212, an
operation unit 213, a display unit 214, and a communication
device 400. The power receiving unit 202 includes the
power receiving antenna 203, a matching circuit 204, a
rectifying and smoothing circuit 205, and a first communi-
cation unit 206.

The control unit 201 controls the electronic device 200 by
executing a computer program recorded in the memory 212.
The control unit 201 includes a CPU or an MPU, for
example. The control unit 201 is constituted by hardware.
The control unit 201 includes a timer 201a.

The power receiving unit 202 is used to wirelessly receive
power from the power supply apparatus 100 in accordance
with the magnetic field resonance method.

The power receiving antenna 203 receives power supplied
from the power supply apparatus 100. Furthermore, the
power receiving antenna 203 is used by the first communi-
cation unit 206 to perform wireless communication in accor-
dance with the NFC standard. The power received by the
power receiving antenna 203 of the electronic device 200
from the power supply apparatus 100 is further supplied
through the matching circuit 204 to the rectifying and
smoothing circuit 205.

The matching circuit 204 includes a circuit which sets a
resonance frequency of the power receiving antenna 203.
The control unit 201 may set the resonance frequency of the
power receiving antenna 203 by controlling the matching
circuit 204.

The rectifying and smoothing circuit 205 generates direct-
current power from the power received by the power receiv-
ing antenna 203. Furthermore, the rectifying and smoothing
circuit 205 supplies the generated direct-current power
through the power detector 207 to the regulator 208. If data
is superimposed on the power received by the power receiv-
ing antenna 203, the data which is extracted from the power
received by the power receiving antenna 203 is supplied to
the first communication unit 206.

The first communication unit 206 communicates with the
power supply apparatus 100 in accordance with the com-
munication standard employed in the communication unit
106. The first communication unit 206 includes a memory
206a. The memory 206a records RTD (Record Type Defi-
nition) data for WPT (Wireless Power Transfer). The RTD
data for the WPT includes data items correspond to the
NDEF. The RTD data for the WPT stores data required for
performing wireless power supply between the power sup-
ply apparatus 100 and the electronic device 200.

The RTD data for the WPT at least stores authentication
data used to perform authentication of wireless power sup-
ply with the power supply apparatus 100. The authentication
data includes a record type name, a power supply method
which may be employed by the electronic device 200, data
indicating a control protocol for the power supply, identifi-
cation data of the electronic device 200, power receiving
capability data of the electronic device 200, and data indi-
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cating a type of a tag included in the electronic device 200.
The record type name is data indicating a record type for
identifying content and a configuration of data stored in the
RTD data for the WPT. The record type name is data for
identifying the RTD data for the WPT. The power receiving
capability data represents power receiving capability of the
electronic device 200, and represents a maximum value of
power which may be received by the electronic device 200,
for example.

The RTD data for the WPT may further store status data.
The status data includes data indicating a status of the
electronic device 200. The status data includes, for example,
a value of power requested to the power supply apparatus
100, a value of power received by the electronic device 200
from the power supply apparatus 100, data indicating a
remaining capacity of the battery 211 and charge of the
battery 211, and error data relating to an error of the
electronic device 200.

The first communication unit 206 analyzes the data sup-
plied from the rectifying and smoothing circuit 205. There-
after, the first communication unit 206 transmits data read
from the RTD data for the WPT to the power supply
apparatus 100, using a result of the analysis of the data, and
writes data received from the power supply apparatus 100 in
the RTD data for the WPT. Furthermore, the first commu-
nication unit 206 transmits response data in response to the
data supplied from the rectifying and smoothing circuit 205
to the power supply apparatus 100.

The first communication unit 206 performs load modu-
lation to transmit the data read from the RTD data for the
WPT and the response data to the power supply apparatus
100.

Note that the first communication unit 206 functions as a
tag prescribed by the NFC standard.

The power detector 207 detects received power which is
received through the power receiving antenna 203 and
supplies data indicating the detected power to the control
unit 201.

The regulator 208 supplies at least one of the power
supplied from the rectifying and smoothing circuit 205 and
the power supplied from the battery 211 to the units included
in the electronic device 200 in response to an instruction
issued by the control unit 201.

The load unit 209 includes an image capture unit which
generates image data of a still image or a moving image
from an optical image of an object, a reproducing unit which
reproduces image data, and the like.

The charging unit 210 charges the battery 211. In response
to an instruction issued by the control unit 201, the charging
unit 210 determines whether to charge the battery 211 using
the power supplied from the regulator 208 or to supply
power discharged from the battery 211 to the regulator 208.
The charging unit 210 periodically detects a remaining
capacity of the battery 211, and supplies data on the remain-
ing capacity of the battery 211 and data on charging of the
battery 211 to the control unit 201.

The battery 211 is connectable to the electronic device
200. Furthermore, the battery 211 is a chargeable secondary
battery, such as a lithium ion battery. The battery 211 may
be a battery other than a lithium ion battery.

The memory 212 stores the computer program for con-
trolling the electronic device 200, data on parameters of the
electronic device 200, and other data.

The operation unit 213 provides a user interface used to
operate the electronic device 200. The control unit 201
controls the electronic device 200 in accordance with a
signal input through the operation unit 213.
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The display unit 214 displays image data in response to an
instruction issued by the control unit 201.

The communication device 400 includes a second com-
munication unit 401 and a communication antenna 402. For
example, the communication device 400 is a device capable
of performing communication based on the NFC standard,
such as an SD card or a SIM card (Subscriber Identity
Module Card). In other words, the communication device
400 is capable of acting as at least one of a memory card or
a SIM (Subscriber Identity Module) card. The communica-
tion device 400 may perform an electronic payment between
an apparatus operating as a reader/writer and the commu-
nication device 400, for example, using the second commu-
nication unit 401 and the communication antenna 402.
Furthermore, the communication device 400 may perform
authentication for a wireless LAN (Local Area Network) or
Bluetooth with an apparatus operating as a reader/writer
using the second communication unit 401 and the commu-
nication antenna 402. Note that the communication device
400 may be a device incorporated in the electronic device
200 or an external device which is detachable from the
electronic device 200. The electronic device 200 includes a
connection interface used for connecting between the com-
munication device 400 and the electronic device 200.

As with the first communication unit 206, the second
communication unit 401 performs wireless communication
through the communication antenna 402 in accordance with
the NFC standard. The second communication unit 401
conforms to a communication protocol the same as a com-
munication protocol of the first communication unit 206.
Note that the second communication unit 401 is capable of
acting as a tag determined by the NFC standard.

The second communication unit 401 includes a memory
401a. The memory 401a records RTD data corresponding to
a function of the communication device 400. The control
unit 201 may read data from the memory 401a and write
data to the memory 401a. When the communication device
400 and the control unit 201 are connected to each other
through the connection interface the control unit 201 may
read data from the memory 401a through the connection
interface and write data to the memory 401a through the
connection interface.

The second communication unit 401 may record data
obtained from the reader/writer in the memory 401a and
transmit data read from the memory 401a to the reader/
writer.

Furthermore, the control unit 201 may control the second
communication unit 401.

The communication antenna 402 is used by the second
communication unit 401 to perform wireless communication
in accordance with the NFC standard.

Power Supply Process

Next, a power supply process performed by the power
supply apparatus 100 will be described with reference to a
flowchart illustrated in FIG. 4. The power supply process
illustrated in FIG. 4 may be realized when the control unit
101 executes the computer program stored in the memory
108.

In step S401, the control unit 101 controls the power
supply unit 102 so that the communication power is output
through the power supply antenna 107. Thereafter, the
flowchart proceeds to step S402.

In step S402, the control unit 101 controls the commu-
nication unit 106 so that data for requesting authentication
data required for starting wireless power supply is transmit-
ted. Thereafter, the flowchart proceeds to step S403.
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In step S403, the control unit 101 determines whether
authentication of the electronic device 200 is successfully
performed. The control unit 101 determines whether the
electronic device 200 is capable of using the wireless power
supply of the power supply apparatus 100, using the authen-
tication data received by the communication unit 106 from
the electronic device 200. If the electronic device 200 is
capable of using the wireless power supply of the power
supply apparatus 100, the control unit 101 determines that
the authentication of the electronic device 200 is success-
fully performed (YES in step S403), and the flowchart
proceeds to step S404. If the electronic device 200 is not
capable of using the wireless power supply of the power
supply apparatus 100, the control unit 101 determines that
the authentication of the electronic device 200 fails (NO in
step S403), and the flowchart proceeds to step S409. If the
authentication data is not received by the communication
unit 106 from the electronic device 200, the control unit 101
also determines that the authentication of the electronic
device 200 fails and the flowchart proceeds to step S409.

In step S404, the control unit 101 controls the commu-
nication unit 106 so that data for requesting status data is
transmitted. Thereafter, the flowchart proceeds to step S405.

In step S405, the control unit 101 determines whether
power may be supplied to the electronic device 200, using
the status data received by the communication unit 106 from
the electronic device 200. If it is determined that the battery
211 is fully charged in accordance with the status data, for
example, the control unit 101 determines that power may not
be supplied to the electronic device 200. On the other hand,
it is determined that the battery 211 does not fully charge in
accordance with the status data, the control unit 101 deter-
mines that power may be supplied to the electronic device
200.

Furthermore, if it is detected that power supply is not
requested by the electronic device 200 to the power supply
apparatus 100 in accordance with the status data, for
example, the control unit 101 determines that power may not
be supplied to the electronic device 200. On the other hand,
if it is detected that power supply is requested by the
electronic device 200 to the power supply apparatus 100 in
accordance with the status data, the control unit 101 deter-
mines that power may be supplied to the electronic device
200.

If the control unit 101 determines that power may be
supplied to the electronic device 200 (YES in step S405), the
flowchart proceeds to step S406. If the control unit 101
determines that power may not be supplied to the electronic
device 200 (NO in step S405), the flowchart proceeds to step
S409. If the control unit 101 also determines that the status
data is not received by the communication unit 106 from the
electronic device 200, the flowchart proceeds to step S409.

In step S406, the control unit 101 controls the commu-
nication unit 106 so that start supplying power data for
notifying the electronic device 200 of starting supplying
power is transmitted. Thereafter, the flowchart proceeds to
step S407.

In step S407, the control unit 101 controls the power
supply unit 102 so that the supplying power is output
through the power supply antenna 107 for a predetermined
period of time. If the predetermined period of time is elapsed
after supply of the supplying power is started, the flowchart
proceeds to step S408.

In step S408, the control unit 101 controls the power
supply unit 102 so that the communication power is output
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through the power supply antenna 107 similarly to the
process in step S401. Thereafter, the flowchart returns to
step S404.

In step S409, the control unit 101 controls the commu-
nication unit 106 so that stop supplying power data for
notifying the electronic device 200 of stopping supplying
power is transmitted. Furthermore, the control unit 101
controls the power supply unit 102 so that the output of the
power through the power supply antenna 107 is stopped.
Thereafter, the flowchart is terminated.

Power Receiving Process

Next, a power receiving process performed by the elec-
tronic device 200 will be described with reference to a
flowchart illustrated in FIG. 5. The power receiving process
illustrated in FIG. 5 may be realized when the control unit
201 executes the computer program stored in the memory
212.

In step S501, the control unit 201 determines whether data
for requesting authentication data from the power supply
apparatus 100 is received by the first communication unit
206. If the data for requesting authentication data is received
by the first communication unit 206 (YES in step S501), the
flowchart proceeds to step S502. If the data for requesting
the authentication data is not received by the first commu-
nication unit 206 (NO in step S501), the flowchart returns to
step S501.

In step S502, the control unit 201 determines whether the
communication device 400 is detected. For example, the
control unit 201 performs a process of reading out data from
the memory 401a. Thereafter, the control unit 201 detects
the communication device 400 in accordance with whether
data is read out from the memory 401a. If data is read out
from the memory 401a, the control unit 201 determines that
the electronic device 200 is connected with the communi-
cation device 400, and determines that the communication
device 400 is detected (YES in step S502). In this case (YES
in step S502), the flowchart proceeds to step S503. If data is
not read out from the memory 4014, the control unit 201
determines that the electronic device 200 is not connected
with the communication device 400, and determines that the
communication device 400 is not detected (NO in step
S502). In this case (NO in step S502), the flowchart proceeds
to step S506.

In step S503, the control unit 201 determines whether the
communication device 400 is capable of using wireless
power supply in accordance with the data read out from the
memory 401a in step S502. If the communication device
400 is capable of using wireless power supply (YES in step
S503), the flowchart proceeds to step S506. If the commu-
nication device 400 is not capable of using wireless power
supply (NO in step S503), the flowchart proceeds to step
S504.

Alternatively, in step S503, the control unit 201 may
determine whether RTD data recorded in the memory 401a
is capable of using wireless power supply. In this case, if the
RTD data recorded in the memory 401a is capable of using
wireless power supply, the control unit 201 determines that
the communication device 400 is capable of using wireless
power supply. If the RTD data recorded in the memory 401a
is not capable of using wireless power supply, the control
unit 201 determines that the communication device 400 is
not capable of using wireless power supply.

Still alternatively, in step S503, the control unit 201 may
determine whether the communication device 400 is capable
of using wireless power supply by determining whether or
not the communication device 400 may receive supplying
power, which is a predetermined power higher than the
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communication power. In this case, if the data recorded in
the memory 401q indicates that the communication device
400 may receive the supplying power, the control unit 201
determines that the communication device 400 is capable of
using wireless power supply. Furthermore, in this case, if the
data recorded in the memory 401a indicates that the com-
munication device 400 may not receive the supplying power,
the control unit 201 determines that the communication
device 400 is not capable of using wireless power supply. If
the data recorded in the memory 401q indicates that the
communication device 400 may receive the communication
power but may not receive the supplying power, the control
unit 201 determines that the communication device 400 is
not capable of using wireless power supply.

In step S504, the control unit 201 controls the display unit
214 to display warning data for notifying a user that wireless
power supply from the power supply apparatus 100 to the
electronic device 200 may not be started, and about the
presence of the communication device 400. If the commu-
nication device 400 is an external device detachably
attached to the electronic device 200, in step S504, the
control unit 201 may control the display unit 214 to further
display warning data for urging a user to remove the
communication device 400 from the electronic device 200.
If the warning data is displayed, the flowchart proceeds to
step S505.

In step S505, the control unit 201 controls the first
communication unit 206 to transmit data including data
indicating that the electronic device 200 is not capable of
using wireless power supply and the presence of the com-
munication device 400, in response to the data received from
the power supply apparatus 100 in step S501. Thereafter, the
flowchart is terminated.

If the power supply apparatus 100 receives data transmit-
ted from the first communication unit 206 to the power
supply apparatus 100 in step S505, it is determined that the
authentication with the electronic device 200 is failed (NO
in step S403). Thereafter, the power supply apparatus 100
controls the power supply unit 102 not to output the sup-
plying power.

In step S506, the control unit 201 controls the first
communication unit 206 to transmit authentication data in
response to the data received from the power supply appa-
ratus 100 in step S501. In this case, the authentication data
read out from the RTD data for WPT of the memory 206a
is transmitted by the first communication unit 206. There-
after, the flowchart proceeds to step S507.

If the power supply apparatus 100 receives data transmit-
ted from the first communication unit 206 to the power
supply apparatus 100 in step S506, it is determined that the
authentication with the electronic device 200 is successful
(YES in step S403).

In step S507, the control unit 201 determines whether data
for requesting status data is received by the first communi-
cation unit 206 from the power supply apparatus 100. If the
first communication unit 206 receives the data for requesting
the status data (YES in step S507), the flowchart proceeds to
step S508. If the first communication unit 206 does not
receive the data for requesting the status data (NO in step
S507), the flowchart returns to step S507.

In step S508, the control unit 201 determines whether the
battery 211 is required to be charged. For example, the
control unit 201 detects the remaining capacity of the battery
211 from data supplied from the charging unit 210, and
determines whether the remaining capacity of the battery
211 is a predetermined value or more. If the remaining
capacity of the battery 211 is the predetermined value or
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more, the control unit 201 determines that the battery 211 is
not required to be charged (NO in step S508), and the
flowchart proceeds to step S509. If the remaining capacity of
the battery 211 is not the predetermined value or more, the
control unit 201 determines that the battery 211 is required
to be charged (YES in step S508), and the flowchart pro-
ceeds to step S510. The predetermined value may be a
threshold for determining whether the battery 211 is fully
charged, or may be a value corresponding to 50% to 80% of
the total capacity of the battery 211. Alternatively, the
predetermined value may be a threshold for determining
whether the battery 211 may supply required power to the
load part 209.

In step S509, the control unit 201 controls the first
communication unit 206 to transmit first status data in
response to the data received from the power supply appa-
ratus 100 in step S507. The first status data is data for
causing the power supply apparatus 100 to determine that
power supply is not available for the electronic device 200.
For example, the first status data includes at least one of data
indicating that there is no required power requested to the
power supply apparatus 100 and data indicating that the
battery 211 is fully charged. Thereafter, the flowchart is
terminated.

If the power supply apparatus 100 receives the first status
data transmitted from the first communication unit 206 to the
power supply apparatus 100 in step S509, it is determined
that power supply to the electronic device 200 is not
available (NO in step S405). Thereafter, the power supply
apparatus 100 controls the power supply unit 102 not to
output the supplying power.

In step S510, the control unit 101 controls the first
communication unit 206 to transmit second status data in
response to the data received from the power supply appa-
ratus 100 in step S507. The second status data is data for
causing the power supply apparatus 100 to determine that
power supply is available for the electronic device 200.
Thereafter, the flowchart proceeds to step S511.

If the power supply apparatus 100 receives the second
status data transmitted from the first communication unit
206 to the power supply apparatus 100 in step S510, it is
determined that power supply to the electronic device 200 is
available (YES in step S405). Thereafter, the power supply
apparatus 100 controls the power supply unit 102 to output
the supplying power.

In step S511, the control unit 201 controls the charging
unit 210 to charge the battery 211 using power supplied from
the regulator 208 to the charging unit 210. The control unit
201 may activate the load part 209 using power supplied
from the regulator 208. Thereafter, the flowchart returns to
step S507.

As described above, if the electronic device 200 according
to the first embodiment is connected with the communica-
tion device 400 not capable of using wireless power supply,
the electronic device 200 transmits data indicating that the
electronic device 200 is not capable of using wireless power
supply, so that authentication for performing wireless power
supply with the power supply apparatus 100 is failed.
Accordingly, while the electronic device 200 is connected
with the communication device 400 not capable of using
wireless power supply, the electronic device 200 may con-
trol the power supply apparatus 100 not to supply the
supplying power to the electronic device 200 or the com-
munication device 400.

Furthermore, since the electronic device 200 notifies the
power supply apparatus 100 and the user about the presence
of the communication device 400 not capable of using
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wireless power supply, the power supply apparatus 100 and
the user may recognize the reason why the supply of the
supplying power to the electronic device 200 may not be
started.

Accordingly, even if the communication device 400 is
connected with the electronic device 200, the electronic
device 200 may cause wireless power supply to be properly
performed from the power supply apparatus 100 to the
electronic device 200.

In step S501, the control unit 201 determines whether data
for requesting the authentication data is received by the first
communication unit 206. However, if it is determined that
the communication device 400 is not detected (NO in step
S502), the control unit 201 may perform the process in step
S501 and then perform the process in step S506. Alterna-
tively, if it is determined that the communication device 400
is capable of using wireless power supply (YES in step
S503), the control unit 201 may perform the process in step
S501 and then perform the process in step S506.

In step S504, the control unit 201 controls the display unit
214 to display the warning data. However, it is not limited
thereto. For example, in step S504, the control unit 201 may
notify the user about that wireless power supply from the
power supply apparatus 100 to the electronic device 200
may not be started and the presence of the communication
device 400, by lighting an LED inserted into the electronic
device 200. If the communication device 400 is an external
device detachably attached to the electronic device 200, in
step S504, the control unit 201 may notify the user to remove
the communication device 400 from the electronic device
200 by lighting an LED inserted into the electronic device
200.

Furthermore, for example, in step S504, the control unit
201 may display warning data on an external display con-
nected with the electronic device 200, for notifying a user
that that wireless power supply from the power supply
apparatus 100 to the electronic device 200 may not be started
and the presence of the communication device 400. If the
communication device 400 is an external device detachably
attached to the electronic device 200, the control unit 201
may cause the external display connected with the electronic
device 200 to display warning data to remove the commu-
nication device 400 from the electronic device 200.

In step S505, the control unit 201 transmits data including
the data indicating that the electronic device 200 is not
capable of using wireless power supply and the presence of
the communication device 400. However, it is not limited
thereto. The data to be transmitted to the power supply
apparatus 100 from the first communication unit 206 in step
S505 may be any data as long as the data controls the power
supply apparatus 100 not to output the supplying power.
Hence, for example, in step S505, the control unit 201 may
transmit data for notifying the presence of a foreign object
as the data indicating the presence of the communication
device 400 not capable of using wireless power supply.

Therefore, for example, in step S505, the control unit 201
may control the first communication unit 206 to transmit
data indicating occurrence of an error relating to wireless
power supply to the power supply apparatus 100.

Alternatively, for example, in step S505, the control unit
201 may control the first communication unit 206 to transmit
at least one of the data indicating that the electronic device
200 is not capable of using wireless power supply and the
data indicating the presence of the communication device
400.

Alternatively, for example, in step S505, the control unit
201 may control the first communication unit 206 not to
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transmit response data in response to the data received from
the power supply apparatus 100 in step S501, to the power
supply apparatus 100. In this case, the data including the
data indicating that the electronic device 200 is not capable
of using wireless power supply and the presence of the
communication device 400 is not transmitted from the first
communication unit 206 to the power supply apparatus 100.
Owing to this, since the power supply apparatus 100 may not
receive the authentication data from the electronic device
200, it is determined that the authentication with the elec-
tronic device 200 is failed (NO in step S403). Thereafter, the
power supply apparatus 100 controls the power supply unit
102 not to output the supplying power. Accordingly, while
the electronic device 200 is connected with the communi-
cation device 400 not capable of using wireless power
supply, the electronic device 200 may control the power
supply apparatus 100 not to supply the supplying power to
the electronic device 200.

Second Embodiment

In the second embodiment, descriptions of processes and
configurations the same as those of the first embodiment are
omitted, and processes and configurations different from the
first embodiment will be described.

In the first embodiment, when the communication device
400 which is not capable of using wireless power supply is
connected with the electronic device 200, if authentication
data is requested from the power supply apparatus 100, data
for controlling the power supply apparatus 100 not to
perform wireless power supply is transmitted.

In contrast, in the electronic device 200 according to the
second embodiment, when the communication device 400
which is not capable of using wireless power supply is
connected with the electronic device 200, if status data is
requested from the power supply apparatus 100, data for
controlling the power supply apparatus 100 not to perform
wireless power supply is transmitted.

Power Receiving Process

Next, a power receiving process performed by the elec-
tronic device 200 will be described with reference to a
flowchart illustrated in FIG. 6. The power receiving process
illustrated in FIG. 6 may be realized when the control unit
201 executes a computer program stored in the memory 212.

In step S601, the control unit 201 determines whether data
for requesting authentication data from the power supply
apparatus 100 is received by the first communication unit
206 from the power supply apparatus 100 similarly to the
process in step S501. If the data for requesting the authen-
tication data is received by the first communication unit 206
(YES in step S601), the flowchart proceeds to step S602. If
the data for requesting the authentication data is not received
by the first communication unit 206 (NO in step S601), the
flowchart returns to step S601.

In step S602, the control unit 201 controls the first
communication unit 206 to transmit the authentication data
in response to the data received from the power supply
apparatus 100 in step S601 similarly to the process in step
S506. Thereafter, the flowchart proceeds to step S603.

In step S603, the control unit 201 determines whether data
for requesting status data is received by the first communi-
cation unit 206 from the power supply apparatus 100 simi-
larly to the process in step S507. If the first communication
unit 206 receives the data for requesting the status data (YES
in step S603), the flowchart proceeds to step S604. If the first
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communication unit 206 does not receive the data for
requesting the status data (NO in step S603), the flowchart
returns to step S603.

In step S604, the control unit 201 determines whether the
communication device 400 is detected similarly to the
process in step S502. If the communication device 400 is
detected (YES in step S604), the flowchart proceeds to step
S605. If the communication device 400 is detected (NO in
step S604), the flowchart proceeds to step S608.

In step S605, the control unit 201 determines whether the
communication device 400 is capable of using wireless
power supply similarly to the process in step S503. If the
communication device 400 is capable of using wireless
power supply (YES in step S605), the flowchart proceeds to
step S608. If the communication device 400 is not capable
of using wireless power supply (NO in step S605), the
flowchart proceeds to step S606.

In step S606, the control unit 201 controls the display unit
214 to display warning data similarly to the process in step
S504. Thereafter, the flowchart proceeds to step S607.

In step S607, the control unit 201 controls the first
communication unit 206 to transmit third status data in
response to the data received from the power supply appa-
ratus 100 in step S603. Thereafter, the flowchart is termi-
nated. The third status data is data for causing the power
supply apparatus 100 to determine that power supply is not
available for the electronic device 200, and is data indicating
the presence of the communication device 400. For example,
the third status data includes data indicating that there is no
required power requested to the power supply apparatus
100. Thereafter, the flowchart is terminated.

If the power supply apparatus 100 receives the third status
data transmitted from the first communication unit 206 to the
power supply apparatus 100 in step S607, it is determined
that power supply to the electronic device 200 is not
available (NO in step S405). Thereafter, the power supply
apparatus 100 controls the power supply unit 102 not to
output the supplying power.

In step S608, the control unit 201 determines whether the
battery 211 is required to be charged similarly to the process
in step S508. If it is determined that the battery 211 is not
required to be charged (NO in step S608), the flowchart
proceeds to step S607. If it is determined that the battery 211
is required to be charged (YES in step S608), the flowchart
proceeds to step S609.

In step S609, the control unit 201 controls the first
communication unit 206 to transmit second status data in
response to the data received from the power supply appa-
ratus 100 in step S603 similarly to the process in step S510.
Thereafter, the flowchart proceeds to step S610.

In step S610, the control unit 201 controls the charging
unit 210 to charge the battery 211 using power supplied from
the regulator 208 to the charging unit 210 similarly to the
process in step S511. Thereafter, the flowchart returns to step
S603.

In this way, when the electronic device 200 according to
the second embodiment is connected with the communica-
tion device 400 which is not capable of using wireless power
supply, the electronic device 200 transmits the data indicat-
ing that the electronic device 200 does not require power
supply, to cause the power supply apparatus 100 to deter-
mine that power supply is not available for the electronic
device 200. Accordingly, while the electronic device 200 is
connected with the communication device 400 which is not
capable of using wireless power supply, the electronic
device 200 may control the power supply apparatus 100 not
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to supply the supplying power to the electronic device 200
or the communication device 400.

Furthermore, since the electronic device 200 notifies the
power supply apparatus 100 and the user about the presence
of the communication device 400 which is not capable of
using wireless power supply, the power supply apparatus
100 and the user may recognize the reason why the supply
of the supplying power to the electronic device 200 may not
be started.

Accordingly, even if the communication device 400 is
connected with the electronic device 200, the electronic
device 200 may cause wireless power supply to be properly
performed from the power supply apparatus 100 to the
electronic device 200.

It is assumed that, with the electronic device 200 accord-
ing to the second embodiment, the configuration and process
similar to those of the first embodiment have effects similar
to those of the first embodiment.

In step S607, the control unit 201 controls the first
communication unit 206 to transmit the third status data in
response to the data received from the power supply appa-
ratus 100 in step S603. However, it is not limited thereto. For
example, in step S607, the control unit 201 may control the
first communication unit 206 not to transmit the response
data in response to the data received from the power supply
apparatus 100 in step S603, to the power supply apparatus
100. In this case, the third status data is not transmitted from
the first communication unit 206 to the power supply
apparatus 100. Owing to this, since the power supply
apparatus 100 may not receive the status data from the
electronic device 200, it is determined that power supply to
the electronic device 200 is not available (NO in step S405).
Thereafter, the power supply apparatus 100 controls the
power supply unit 102 not to output the supplying power.
Owing to this, for example, in step S607, the control unit 201
may transmit data for notifying about the presence of a
foreign object as the data indicating the presence of the
communication device 400 which is not capable of using
wireless power supply.

In the first and second embodiments, the power supply
apparatus 100 supplies supplying power to the electronic
device 200 using the power supply antenna 107, and per-
forms communication between the communication unit 106
and the electronic device 200 using the power supply
antenna 107. However, the first and second embodiments are
not limited to this. For example, the power supply apparatus
100 may separately have an antenna for supplying the
supplying power to the electronic device 200 and an antenna
for performing communication between the communication
unit 106 and the electronic device 200.

Furthermore, in the first and second embodiments, the
electronic device 200 receives power from the power supply
apparatus 100 using the power receiving antenna 203, and
performs communication between the communication unit
100 and the first communication unit 206 using the power
receiving antenna 203. However, the first and second
embodiments are not limited to this. For example, the
electronic device 200 may separately have an antenna for
receiving power from the power supply apparatus 100 and
an antenna for performing communication between the
power supply apparatus 100 and the first communication
unit 206.

Note that, although the communication unit 106 functions
as a reader/writer and the first communication unit 206 and
the second communication unit 401 function as tags in the
description above, the first and second embodiments are not
limited to this. For example, the communication unit 106,
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the first communication unit 206, and the second commu-
nication unit 401 may function as P2P (Peer To Peer).
Furthermore, the communication unit 106 and the first
communication unit 206 may function as P2P and the second
communication unit 401 may function as a tag, for example.

Note that, although the power supply unit 102 and the
power receiving unit 202 conform to the magnetic field
resonance method in the foregoing description, the first and
second embodiments are not limited to this. The power
supply unit 102 and the power receiving unit 202 may
conform to a power supply method different from the
magnetic field resonance method.

Furthermore, although the communication unit 106, the
first communication unit 206, and the second communica-
tion unit 401 perform communication conforming to the
NFC standard in the first and second embodiments, the first
and second embodiments are not limited to this. The com-
munication unit 106, the first communication unit 206, and
the second communication unit 401 may perform commu-
nication conforming to ISO/IEC 18092 standard instead of
the communication conforming to the NFC standard. The
communication unit 106, the first communication unit 206,
and the second communication unit 401 may perform com-
munication conforming to ISO/IEC 14443 standard instead
of the communication conforming to the NFC standard. The
communication unit 106, the first communication unit 206,
and the second communication unit 401 may perform com-
munication conforming to ISO/IEC 21481 standard instead
of the communication conforming to the NFC standard. The
communication unit 106, the first communication unit 206,
and the second communication unit 401 may perform com-
munication conforming to RFID (Radio Frequency Identi-
fier) instead of the communication conforming to the NFC
standard.

Third Embodiment

At least one of the various functions, processes, and
methods described in the first and second embodiments can
be achieved using a program. Hereinafter, in a third embodi-
ment, a program for realizing at least one of the various
functions, processes, and methods described in the first and
second embodiments will be referred to as a “program X”.
Further, in the third embodiment, a computer for executing
the program X will be referred to as a “computer Y”.
Examples of the computer Y include a personal computer, a
microcomputer, and a central processing unit (CPU).

At least one of the various functions, processes, and
methods described in the first and second embodiments can
be realized by the computer Y executing the program X. In
this case, the program X is supplied to the computer Y via
a computer readable storage medium. A computer readable
storage medium according to the third embodiment includes
at least one of a hard disk device, a magnetic storage device,
an optical storage device, a magneto-optical storage device,
a memory card, a read only memory (ROM), and a random
access memory (RAM). Further, the computer readable
storage medium according to the third embodiment is a
non-transitory storage medium.

While the present invention is described with reference to
exemplary embodiments, it is to be understood that the
present invention is not limited to the exemplary embodi-
ments. The scope of the following claims is to be accorded
the broadest interpretation so as to encompass all such
modifications and equivalent structures.
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This application claims priority from Japanese Patent
Application No. 2014-119996, filed Jun. 10, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An electronic device comprising:

a power receiver that wirelessly receives power from a
power supply apparatus;

a first communicator;

a connection interface that connects a detachable com-
munication device to the electronic device, wherein the
detachable communication device includes a second
communicator that performs wireless communication;
and

a CPU that (a) determines whether the detachable com-
munication device that is currently connected is
capable of using a wireless power supply from the
power supply apparatus, if the detachable communica-
tion device and the connection interface are connected,
and (b) controls the first communicator to transmit data
for notifying the power supply apparatus that the
detachable communication device that is currently con-
nected is not capable of using the wireless power
supply if the detachable communication device that is
currently connected is not capable of using the wireless
power supply.

2. The electronic device according to claim 1, wherein if
the detachable communication device that is currently con-
nected is not capable of using the wireless power supply, the
CPU causes a display device to display information for
notifying that the wireless power supply is not performed.

3. The electronic device according to claim 1, wherein if
the detachable communication device is not capable of using
the wireless power supply, the CPU causes a display device
to display information for notifying that the detachable
communication device that is currently connected is
removed from the electronic device.

4. The electronic device according to claim 1, wherein a
communication protocol of the first communicator corre-
sponds to a protocol of the second communicator.

5. The electronic device according to claim 1, wherein a
communication protocol of the first communicator conforms
to Near Field Communication (NFC) standard.

6. The electronic device according to claim 1, wherein if
the detachable communication device and the connection
interface are connected, the CPU obtains data relating to the
detachable communication device that is currently con-
nected from the detachable communication device, and

wherein the CPU determines whether the detachable
communication device that is currently connected is
capable of using the wireless power supply by using the
data relating to the detachable communication device
that is currently connected.

7. The electronic device according to claim 1, wherein the
detachable communication device performs a predetermined
authentication using the second communicator.

8. The electronic device according to claim 1, wherein the
detachable communication device performs an electronic
payment using the second communicator.

9. The electronic device according to claim 1, wherein the
detachable communication device acts as at least one of a
memory card and a SIM (subscriber identity module) card.

10. The electronic device according to claim 1, the power
supply apparatus includes:

a power supplier that wirelessly supplies power;

a communicator that performs wireless communication

with the electronic device; and
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a CPU that performs a process of limiting the wireless
power supply to the electronic device if the communi-
cator receives data for notifying the power supply
apparatus that the detachable communication device
that is currently connected is not capable of using the
wireless power supply.

11. A method of controlling an electronic device com-

prising:

determining whether a detachable communication device
is capable of using a wireless power supply if the
detachable communication device is connected with a
interface to the electronic device, wherein the elec-
tronic device includes a power receiver that wirelessly
receives power from a power supply apparatus, a first
communicator that performs wireless communication,
and the connection interface that connects the detach-
able communication device to the electronic device, the
detachable communication device including a second
communicator that performs wireless communication;
and

controlling the first communicator to transmit data for
notifying the power supply apparatus that the detach-
able communication device that is currently connected
is not capable of using the wireless power supply if the
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detachable communication device that is currently con-
nected is not capable of using the wireless power

supply.

12. A non-transitory storage medium that stores a program

5 for causing a computer to perform a method of controlling

10
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an electronic device, the method comprising:
determining whether a detachable communication device

is capable of using a wireless power supply of the
power supply apparatus if the detachable communica-
tion device is connected with a connection interface to
the electronic device, wherein the electronic device
includes a power receiver that wirelessly receives
power from a power supply apparatus, a first commu-
nicator that performs wireless communication, and the
connection interface that connects the detachable com-
munication device to the electronic device, the detach-
able communication device including a second com-
municator that performs wireless communication; and

controlling the first communicator to transmit data for

notifying the power supply apparatus that the detach-
able communication device that is currently connected
is not capable of using the wireless power supply if the
detachable communication device that is currently con-
nected is not capable of using the wireless power

supply.



